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Descrlpti n 

The inv ntion r lates to a proc ss for th production of polymer filaments having high tensll str ngth 
by spinning a solution of high-molecular polymer and stretching the filaments. 
5 Such processes are described in applicant's British patent specifications 2.042.414 and 2.051.667. In 

these known processes polyalkene polymers of very high molecular weights are used and/or high degrees 
of stretching are applied. 

It has now been found that comparable tensile strengths and moduli can be reached while using lower 
molecular weights and/or lower stretch ratios, or that substantially higher tensile strengths and moduli can 
10 be reached while using the same molecular weights and stretch ratios, if one specifically uses solutions of 
polymers having a weight/number-average molecular weight ratio Mw/Mn which is lower than those applied 
in the known processes. 

In the mentioned known processes there are used polyalkene polymers, in particular polyethylenes, having 
a Mw/Mn ratio in the range of 6.5 to 7.5 and above. 

75 In the process according to the invention a solution of an ethylene polymer or copolymer containing at most 
5% by wt of one or more alkenes with 3 to 8 carbon atoms and having a weight-average molecular weight 
Mw higher than 4.10^ kg/kmole and a weight/number-average molecular weight ratio Mw/Mn lower than 5 
with at least 80% by wt of solvent (in respect of the solution) is spun at a temperature above the gel point 
of that solution, the spun product Is cooled to below the gel point and the filament obtained Is stretched, in 

20 the form of a gel containing or not containing a solvent, to form a filament having a tensile strength higher 
than 1.5 gigapascal (GPa). 

Linear high molecular weight ethylene polymers having specific Mw/Mn ratios as required for the invention 
can be prepared by fractionating polymers having a broader molecular weight distribution (reference is 
made In this respect to Fractionation of Synthetic Polymers by LH. Tung), or by using polymers that have 

25 been obtianed with specific catalyst systems and/or under specific reaction conditions (reference is made In 
this respect to L.L. BQhm, Die Angewandte Makromolekulare Chemie 89 (1980), 1-32 (nr. 1910)). 
The method according to the Invention involves an Improved stretching efficiency of the polymers In that for 
the same E modulus a substantially higher tensile strength is obtained than in the known processes. 

It has further been found that the tensile strength and moduli of stretched high molecular polymer 

30 filaments can be improved by twisting the fjlamerrts around their stretching axis during the stretching. 

Thus a twisted filament is obtained which has a reduced tendency to fibrillation and which has a 
substantially improved knot strength compared to the knot strength of straight-stretched filaments. 

The polymers to be applied according to the process of the invention must be highly linear and must 
comprise more in particular fewer than 1 side chain per 100 carbon atoms, preferably fewer than 1 side 

35 chain per 300 carbon atoms. 

Specifically the ethylene polymers to be used in accordance with the invention can contain up to at 
most 5% by vrt. of one or more other alkenes copolymerized therewith, such as propylene, butylene, 
pentene. hexene. 4-methylpentene, octene, etc. 

The polyethylene materials used may also contain minor quantities, preferably 25% by wt at most, of one 
40 or more other polymers, particularly an alkene-1 polymer, such as polypropylene, polybutylene or a 
copolymer of propylene with a minor quantity of ethylene. 

The advantages of the process according to the invention manifest themselves very strongly in its 
prefenred embodiment, in which ethylene polymers having a Mw/Mn ratio lower than 4 are used. 

The solutions to be spun must contain at least 80% by weight of solvent in respect of the solution. Very 
45 low polymer concentrations in the solution, such as in particular lower than 2% by wt polymer, may be 
important when applying polymer materials of an ultra-high molecular weight. 

When using, polymer materials within the preferred Mw and Mw/Mn ranges for the process according to 
the invention, viz. a Mw between 5.10^ and 1.5 10^ kg/kmole and a Mw/Mn lower than 4, preference is 
given to the use of solutions having polymer concentrations ranging from 2% by wt to 15% by wt for Mw 
60 values ranging from 1.5.10^ to 5.10^. 

The choice of the solvent is not critical. Thus, in the case of polyethylene any suitable solvent can be 
used, such as halogenat d or non-halog nat d hydrocarbons. In most solvents poly thyl ne is soluble only 
at temperatures of at 1 ast 90 * C. In customary spinning processes th space in which the fllam nts are 
spun is under atmospheric pressure. Low-boiling solvents are, therefore, less desirable, because they may 
66 evaporate from th filaments so rapidly that they will come to function more or I ss as foaming agents and 
will disturb th structure of the filaments. 

In the said concentration range solutions of polymer materials, when cooled rapidly, will pass into a g I 
b low a critical temperature (gel point). This gel point is defined as the temperatur of appar nt 
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solidification when cooling the polymer solution. During the spinning a liquid solution nnust be used, and the 

temp rature must therefore be above this gel point. 

During the spinning proc ss th t mperatur of the polyethyl n solution Is pref rably at least 100 

and more in particular at least 120 • C, and the boiling point of the solvent is preferably at least 100 • C and 
5 particularly at least equal to the spinning temperature. The boiling point of the solvent must not be so high 

that is is difficult for the solvent to be evaporated from the filaments spun. Suitable solvents are aliphatic. 

cyclo-aliphatic and aromatic hydrocarbons having boiling points of at least 100 "C, such as octane, nonane, 

decane or isomers thereof and higher straight or branched hydrocarbons, petroleum fractions having boiling 

ranges In excess of 100 •C, toluenes or xylenes, naphtalene. hydrogenated derivatives thereof, such a 
70 tetralin, decalin, but also halogenated hydrocarbons and other solvents known in the art. Owing to the low 

cost, preference will be given mostly to non-substituted hydrocarbons, including also hydrogenated 

derivatives of aromatic hydrocarbons. 

The spinning temperature and the dissolution temperature must not be so high as to result in 

substantial thermal decomposition of the polymer. The chosen temperature will therefore generally not be 
75 above 240 ' C. 

Although for reasons of simplicity the spining of filaments Is spoken of in this specification, it will at 
once be clear to the expert that, in applying the present process, spinning heads with slit dies can be used 
as well. The term filaments as used herein therefore not only comprises filaments having more or less 
round cross sections, but also covers small ribbons produced In a similar manner. The essence of the 

2G invention is the manner in which stretched structures are made. In that process the shape of the cross 
section is of minor importance. 

The spun product is cooled down to below the gel point of the solution. This may be done In any 
suitable manner, for instance by passing the spun product Into a liquid bath, or through a chamber. In the 
cooling process to below the gel point of the polymer solution the polymer will form a gel. A filament 

25 consisting of this polymer gel has enough mechanical strength to be processed further, for instance via the 
guides, rolls, etc. customary in the spinning technique. 

The gelfllament thus obtained is subsequently stretched. During the stretching the gel may still contain 
substantial quantities of solvent, up to quantities hardly lower than those present in the polymer solution 
spun. This will happen when the solution is spun and cooled under such conditions as not to promote the 

30 evaporation of the solvent, for instance by passing the filament into a liquid bath. Part or even essentially all 
of the solvent can be removed from the gel filament also before the stretching, for instance by evaporation 
or by washing-out with an extractant. 

The stretching of gel filaments still containing substantial quantities of more than 25% by wt and 
preferably more than 50% by wt of solvent is preferred, because thus a higher final degree of stretching 

35 and consequently a higher tensile strength and modulus of the final filament can be obtained; in certain 
technical emdobiments it may be more advantageous, however, to recover most of the solvent before the 
stretching. 

The filaments spun are preferably stretched at a temperature of at least 75 • C. On the other hand, the 
stretching will preferably be performed below the melting point or solution point of the polymer, because 
40 above that temperature the mobility of the macromolecules will soon be so high that the desired orientation 
cannot or not sufficiently be effected. The Intramolecular heat development resulting from the stretching 
energy expended on the filaments must be taken into account. At high stretching speeds the temperature in 
the filaments may thus rise considerably, and care should be taken that it does not come near or even 
above the melting point. 

45 The filaments can be brought to the stretching temperature by passing them into a zone containing a 
gaseous or liquid medium, which is kept at the desired temperature. A tubular furnace with air as a gaseous 
medium is very suitable, but a liquid bath or any other device appropriate for that purpose can also be 
used. 

During the stretching (any) solvent present will be separated off from the filament. This Is preferably 
50 promoted by measures appropriate for that purpose, such as the discharge of the solvent vapour by 
passing a hot gas or air stream along the filament In the stretching zone, or by stretching in a liquid bath 
comprising an extractant for the solv nt, which xtractant may optionally be th same as the solvent. The 
final filam nt must be free of solvent, and to good advantag the chosen conditions will b such that this 
condition Is reached, or at any rate virtually reached, already in the stretching zone. 
65 . The moduli (E) and tensile str ngths (a) ar calculated by means of force/ longation curves as 
d t rmined at room temperatur by means of an Instron T nsll T st r, at a testing speed of 100% 
stretching/min (€• = 1 min"^). and reduced to the original diameter of th filament sample. 
In applying the present proc ss high str tch ratios can be us d. ft has been found, however, that by using 
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polymer materials having low molecular weight ratios Mw/Mn, according to the invention, filaments having a 
considerabi tensile strength can be obtained air ady if the stretch ratio at I ast quals 



Vtfir/Mn X 4-10* 

+ 1, 

Mv 

where the value Mw is expressed in kg/kmole (or g/mole). 

The filaments according to the invention are suitable for many uses. They can be used as reinforce- 
ment in many materials of which the reinforcement with fibres or filaments is known and for all uses in 
which a small weight combined with great strength Is desirable, such as, for instance, rope, nets, filter 
cloths, etc. 

If so desired, minor quantities of usual additives, stabilizers, fibre treating agents and the like, 
particularly quantities of 0. 001-10% by weight in respect of the polymer, can be incorporated in or on the 
filaments. 

The Invention will further be elucidated by the following examples without being limited by them. 
Example 1 

A high-molecular linear polyethylene having a Mw of about 1.1 x 10^ kg/kmole and a Mw/Mn of 3.5 was 
dissolved at 160 to form a 2% by wt solution In decalin. This solution was spun in a water bath at 130 
• C through a spinneret with a spinneret hole having a diameter of 0.5 mm. The filament was cooled in the 
bath so that a gel-like filament was obtained still containing more than 90% solvent. This filament was 
Stretched in a 3. 5-metre-long stretch oven, which was kept at 120 'C. The stretching speed was about 1 
sec"^ The stretch ratio was varied between about 20 and 50. 

Of the filaments stretched with different stretch ratios the moduli (E) and the tensile strengths (a) were 
d termined. 

The value of the stretch ratios, moduli and tensile strengths are shown in table 1 and are compared with 
the values obtained for a polyethylene sample having the same Mw of 1.1 10^ kg/mmole and a Mw/Mn of 
7.5, which sample was treated under comparable conditions. 
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?r ceasiag of poytthyloM haviat am f 1.1 10^ kg/kmole t 
fom filaments* 

5 

A. Accordiag to the proceea of the inventloo: Mv/Mn • 3.S. - 
B« According to the known itata of the art: Mv/Mn • 7.5. 

Stretch ratio \ Modulus E Tensile strength a 

(CPa) (CPa) 
Mw/Mn - 3-5 Mw/Mn - 7,5 Mw/Ma -3.5 Hw/Mn • 7.5 Mw/Mn - 3.5 Mw/Mn - 7.5 
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15 

18 - 35 - 1.6 

25 - 52 • 1.8 

20 25 • 60 - 2.4 

40 - 80 - 2.5 

45 * 90 - 2.7 

45 - 91 3.0 

25 



30 Example 2 

Under essentially the same processing conditions as described in example 1, except that 8% wt 
solutions were used, a polyethylene sample having a Mw of about 500,000 kg/kmole and a Mw/Mn of 2.9 
and a polyethylene sample having a Mw of about 500,000 kg/kmole and a Mw/Mn of 9 were processed to 
35 form filaments and compared. 
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Tablg 2 

Proeeasing of polyethylene having « f 300,000 kg/In le to 
forn fllamenta* 

A* According to the proceaa of the invention: • 2«9 

Mn 

Mw 

B. According to the knovn atate of the art: '9 

Mn 

70 



Stretch ratio \ Hodulus E Tenaile atrength a 

75 (GPa) (GPa) 

Mw/Mn - 2.9 Mw/Mn - 9 Mw/Mn - 2.9 Mw/Ma - 9 Mw/Mn - 2.9 Mw/Mn - 9 

22 - 32 - 0.9 

20 

22 - 37 - 1.3 • 

36 - 61 • 1.5 

37 - 60 - 1.9 

25 



30 Claims 

1. Process for the production of polyethylene filaments having high tensile strength, wherein a solution of 
an ethylene polymer or copolymer containing at most 5 % by wt of one or more alkenes with 3 to 8 
carbon atoms and having a weight-average molecular weight Mw higher than 4.10^ kg/kmole with at 

35 least 80 % by wt of solvent Is spun at a temperature above the gel point of that solution, the spun 
product is cooled to below the gel point and the filament obtained is stretched. In the form of a gel 
contianing or not containing a solvent, to form a filament having a tensile strength of more than 1.5 
GPa, measured at room temperature, characterized in that a polyethylene Is used having a 
weight/number-average molecular weight ratio Mw/Mn lower than 5. 

40 

2. Process according to any one of claims 1-2, characterized in that polymer or copolymer is used having 
a weight/number-average molecular weight ratio Mw/Mn lower than 4. 

3. Solution spun high molecular weight potymer filament, characterized in that the filament consists of an 
45 ethylene polymer or copolymer containing at most 5 % by wt of one or more alkenes with 3 to 8 

carbon atoms, having a weight-average molecular weight Mw higher than 4.1 0^ kg/kmole and a 
weight/number-average molecular weight ratio Mw/Mn lower than 5. 

PatentansprUche 

60 

1. Verfahren zur Herstellung von Polyethylenfasern mit hoher Zugfestigkeit. in dem eine Losung eines 
Ethylenpolymers oder -copolym rs enthalt nd hochst ns 5 Gew.% eInes od r mehrer r Alk n mit 3 
bis 8 Kohlenstoffatom n und mit einem gewichtsmittleren Molgewicht Mw von hSher als 4.1 0^ kg/kMol 
mit mindestens 80 Gew.% Losungsmittel bei einer Temperatur oberhalb des Gelpunktes dieser Losung 
55 gesponnen wird, das gesponnene Produkt auf unterhalb d n G Ipunkt abgekQhIt wird und die erhalten 
Fas r in Form in s G Is, das in Losungsmitt I nthalt oder nicht, g str ckt wird, wobei eine Faser 
mit in r Zugf stigkeit von hoh r als 1 .5 GPa. g messen bei Raumt mperatur, rhalt n wird, dadurch 
gekennzeichnet dafi ein Potyethylen mit einem gewichts/zahlenmittleren Molgewichtsverhaltnis Mw/Mn 
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von nledriger ais 5 verwendet wird. 

2. Verfahr n nach Anspruch 1. dadurch g k nnz ichnet, daO ein Polym r oder Copolymer mit inem 
gewichts/zahlenmittteren MolgewichtsverhSltnis Mw/Mn von niedriger als 4 verwendet wird. 

3. LSsungsgesponnene hochmolekulare Polymerfaser. dadurch gekennzelchnet. dafi die Faser aus einem 
Ethylenpolymer oder -copolymer enthaltend hochstens 5 Gew.% eines oder mehrerer Alkene mIt 3 bis 
8 Kohlenstoffatomen mit einem gewichtsmitlleren Molgewicht Mw von hoher als 4.1 0^ kg/kMol und 
einem gewichts/zahlenmittleren MolgewlchtsverhSltnis Mw/Mn von niedriger als 5 besteht. 

Revendlcations 

1. Precede de fabrication de filaments de polyethylene ayant une forte resistance k la traction, dans 
lequel une solution d'un polymfere ou d'un copolymere d'^thyline contenant au plus 5 % en masse 
d'un ou de plusieurs alkenes avec 3^8 atomes de carbone, et ayant une masse moleculaire moyenne 
Mw supdrleure ^ 4 x 10^ kg/kmole avec au molns 80 % en masse de sotvant, est fil^e k une 
temperature sup^rieure au point de gel de cette solution, ie produit fil^ est ramen§ h une temperature 
inf6rieure au point de gel et Ie filament obtenu est ^tir^ sous la forme d'un gel contenant ou non du 
solvant, afin de former un filament ayant une resistance de traction sup6rleure li 1,5 GPa, mesur^e h 
temperature amblante, caract^rlse en ce que Ie poiyelhylene utilise a un rapport masse moieculaire 
moyenne en masse/masse moleculaire moyenne en nombre, Mw/Mn, interieur k 5. 

2. Precede selon la revendication 1 , caracterise en ce que Ie polym§re ou copolymere utilise a un rapport 
masse moleculaire moyenne en masse/masse moleculaire moyenne en nombre, Mw/Mn. inferieur k 4. 

3. Filament de poiym^re k masse moleculaire eievee, flie en solution, caracterise en ce que ledit filament 
est compose d'un polym^re ou d'un copolymfere d'ethylfene contenant au plus 5 % en masse d'un ou 
de plusieurs alk§nes avec 3 a 8 atomes de carbone. ayant une masse moleculaire moyenne Mw 
superieure a 4 x 10^ kg/kmole et un rapport masse moleculaire moyenne en masse/masse moleculaire 
moyenne en nombre. Mw/Mn, inlSrieur k 5. 



